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BACKGROUND

The U. S. CGovernnent maintains a |large inventory of structures
(bui | di ngs, equi pnent, bridges, damgates, etc.) that contain

| ead- based paints (LBP) on their surfaces. LBP was
conventionally used in the construction industry due to its
excel l ent corrosion protection capabilities and tol erance of

| ess-than-perfect surface preparation. The use of LBP has been
banned for residential structures and consuner products, and
industrial use is rapidly declining. However, old LBP remains
on surfaces of many structures and continues to be a problem as
t hese structures require mai ntenance and repainting. Due to the
toxicity of lead, tight environnmental regulations control paint
renmoval operations that involve LBP to ensure that surrounding
air, lead, and water environments are not contam nat ed.

The U. S. Environnmental Protection Agency (USEPA) regul ates the
di sposal of the waste generated from LBP abat enent projects, and
the type of contai nnent necessary to protect the surroundi ng
environnent. The anount of airborne lead is regulated, and the
di sposal procedures for the waste depend upon the |evel of

| eachable lead in the material .

Ext ensi ve research has be performed to find nmethods to renove

LBP from structures wi thout harm ng the environnent, workers, or
surroundi ng conmunities. USACERL eval uated one nethod invol vi ng
the abrasive blasting of a properly enclosed structure using an
engi neered abrasive.® The engi neered abrasive has been shown to



stabilize LBP waste from abrasive blasting so that the waste
w Il not be classified as hazardous. |In response to this
research, the USEPA approved the processing of Bl astox®treated
LBP waste that passes the Toxicity Characteristic Leaching
Procedure (TCLP, USEPA Met hod 1311) as nonhazardous for |ead.
The Steel Structures Painting Council (SSPC) has al so approved
the use of Blastox® to stabilize |eachable lead.? Since the use
of engi neered abrasives is broadly applicable to steel, concrete
and wood structures, they promse to play an inportant role in
LBP abat enent throughout the spectrum of Governnent- or

i ndustry-owned structures in the United States.

OBJECTIVE

The objective of this research was to nodify existing chem ca
stabilizer/abrasive blast adm xtures to enabl e renoval of LBP
fromstructural steel in inmersion service, such as Corps of
Engi neers (CCE) | ock and dam gates, water storage tanks, and
bridges. The nodified abrasive blasting adm xture is intended
to stabilize the heavy netal paint waste (e.g. form and
insoluble netallic silicate conplex) during the renoval process,
so that the waste can be di sposed of as non-hazardous.

APPROACH

A series of | aboratory experinents were conducted to optim ze
the blend ratios of the chemcal stabilizer with different
abrasive bl ast nedia. The abrasives were used to bl ast coated
test panels. The panels were then repainted with standard Corps
of Engi neers paint systens and subjected to accel erated

weat hering tests, salt fog chanber exposure, and i mersion
tests, to determne if there were any coating performance

probl ens associated with the abrasive blasting process.

Based on the blast nmedia and coatings tests, a field
denonstrati on was conducted at a damgate in the Portl and
District. LBP was renoved using four different engi neered
abrasive blends, and two different blast procedures. TCLP tests
were performed on the waste. USEPA and COccupational Safety and
Heal th Adm nistration (OSHA) site and worker air-nonitoring and
bl ood tests were conducted to evaluate the inpact of the process
on the environnent and the workers. After the field
denonstration, the lead | eachability and reuse options of the
non- hazar dous wastes were eval uat ed.



The field denonstration and the project were conpl eted when
USACERL and Portland District personnel visited the site after a
year of inmmersion service. They evaluated the performance of
the coating systemapplied after blasting wth the engi neered
abrasives. The condition of the coating was conpared to that of
a surface prepared with traditional blast nedia and bl asting

met hods.

RESULTS OF LABORATORY RESEARCH
BLASTI NG ADM XTURE DEVELOPMENT

Satisfaction of industry requirenents determ ned the actual
design of the adm xture, as well as the narkets where the

t echnol ogy was best applied. For an abrasive to be nodified by
the addition of a chemcal stabilizer, the “engi neered abrasive”
had to neet the foll ow ng requirenents:

- The technol ogy nust have abrasive cutting characteristics.

- The technol ogy would have to limt the neasured
| eachability of the lead in the waste.

- The technol ogy could not meaningfully increase worker
safety concerns.

- The technol ogy cannot have a material negative effect on
coati ng perfornmnce.

- The technol ogy cannot inpede nornmal paint renoval
operations (i.e., no excessive dusting, no unusual
application requirenents, etc.).

Silicate stabilization has been identified as a desirable
approach. The challenge was to find an effective nethod for
delivering the treatnment to the process. Traditional blasting
operations using dry blasting technol ogies require the abrasive
media to be dry and free flowng. The use of any liquid
additive to the abrasive nedia would therefore require bl ending
with or application to the abrasive, as well as drying before
use.

The industry the | ooked at calciumsilicate granules as a source
of dry reagent addition. Sources of reagent were identified,
and the nost cost-effective source for silicates is through
cenent production. In particular, cenent clinker is a calcium
silicate-rich material that is rock-like in consistency. TDJ,
Inc. collected sanples of clinker fromvarious plants in the

M dwest that produced No. 1 Portland cenent. The material was



reduced in size to a sand-1like consistency (12-50 nmesh(, and was
eval uated for hardness using the Mohs hardness scale. This
materi al had a Mohs hardness of between 6 and 7, which is harder
t han many sands, but is slightly softer than m neral slag
abrasives. In short, the material tested with sufficient
hardness to be suitable as an abrasive nedi a.

ABRAS| VE CUTTI NG CHARACTERI STI CS

The material was then evaluated for general cutting
characteristics. This evaluation involved the use of Blastox®to
remove LBP from sanple test panels. The material was observed
to exhibit good cutting characteristics, suggesting that the
angularity and friability of the material were acceptable for
general use, and woul d not have a negative effect on performnce
when incorporated into traditional abrasive nedia.

LI M TI NG LEAD LEACHABI LI TY

The USEPA has identified silicates as a nost desirable form of

| ead waste treatnent. Cenent clinker is rich in the silicates
used for nost cenent-based stabilization processes. Through
testing of |eaded wastes with varying | evels of contam nation,
TDJ observed that consistent success (lowering | ead | eachability
to below 5 ppmin the TCLP test) began to occur with the

addi tion of about 12 percent cenent clinker. To allow for
variations in honogeneity of the mx, a 15 percent addition
rate, by weight, was recommended.

TDJ conpleted a series of tests that suggest that clinker fines
(fines generated by abrasive reduction during the blasting
process) do in fact act to effectively reduce the neasured

| eachability of lead. A lead concentration of up to 35% by
weight in the waste will be stabilized to |l each | ess than 5 ppm
in the TCLP test.

CHEM STRY OF THE STABI LI ZATI ON REACTI ONS

Based on the chem cal conposition of the additive and know edge
gained fromthe literature of the chem cal reactions between
calciumsilicate materials and | ead, a nunber of stabilization
mechani snms were hypothesized. Wthin the cenent system there
are several possible reactions, which may occur in many

di fferent conbinations and affect the leachability of |ead:



1. Wien initially placed in solution, Blastox® dissociates,
creating carbonates and hydroxides in solution, which raise
the pH of the solution to a range of 10.0 to 11.3. The
effects of this are: (a) a pH above 10 pronotes the
hydration reactions of this product, and (b) | ead pignments
are anphoteric conpounds, neaning they are soluble at |ow
and hi gh pH val ues but exhibit mninmum solubility within
the range of 8.0 to 11.0. This reaction aids the kinetics
of the stabilization reactions by limting the | ead
di ssolution to assure that other reactions can occur
qui ckly enough to stabilize all the free | ead ions.

2. Due to the cenentitious nature of the calciumsilicate
hydrate, the lead is immobilized upon wetting of the waste.
In a landfill, these wet reactions tend to create a solid

mass (hydrate), which limts the anount of water that could
percol ate. The Bl astox® waste does solidify or set in a
simlar manner to Portland cenment. Simlar to cenent, the
strength of these encapsul ation reacti ons depends on the
wast e/ cement ratio, mxing, and set tine.

One nechani sm hypot hesi zed i nvol ves the internediate formation
of | ead carbonates. Wen cenentitious materials are placed in
sol ution, carbonates are dissolved. Free lead ions are also in
solution due to the dissociation of |ead oxide or |ead
hydroxi de. The Free lead can react with the carbonates in
solution, and precipitate as | ead carbonates, which have limted
solubility. The other nechanisns believed to occur in the
systemare the addition and cation substitution reactions
between | ead and calciumsilicates, which create an insol uble

| ead silicate.

It is also hypothesized that, over tine, the | ead carbonate
woul d be respeciated to a lead silicate. As the environnent
surroundi ng the waste fluctuates, the | ead carbonates

di ssoci ate, causing the lead to redissolve, then react with the
silicates. The end result of all of these reactions is believed
to be a conplex lead silicate. These hypotheses are consi stent
with the results of the | aboratory analysis and the published
literature, and no contradicting evidence was found.

CQATI NG TESTS
One of the key limting factors in the use of abrasive additives

is the performance of the coating systens used to limt
subsequent corrosion. The use of an additive may introduce a



contamnant to the surface that will allow or encourage the
formati on of corrosive cells and accelerate the failure of the
paint system A significant failure of the systemw/l| force

cl eaning and repainting of the structure. Before any new
abrasive, additive or other nodification is applied to the
surface, laboratory and field anal yses of coating performance is
advi sable. In the case of Bl astox® both approaches were used.

As a first screening nethod, Blastox®treated netal surfaces were
subjected to a series of accelerated weathering tests under a
range of conditions. New steel panels were subjected to
abrasive blasting through the use of a standard dry bl ast
system Bl ack Beauty abrasive (12-40 nesh) was conbined with
Bl ast ox® admi xture at a ratio of 15% Bl ast ox® by wei ght to 85%
abrasive. The additive was uniformly m xed wth the abrasive,
and the blend was used to profile the steel. A parallel set of
panel s was prepared with unnodified Bl ack Beauty abrasive. In
both cased the steel was blasted until the surface profile was
between 2.5 and 3.5 nm Profiles were verified by direct
surface neasurenent. The surfaces were coated with the
foll ow ng paint system

- zinc rich epoxy

- pol yam de epoxy

- titani um di oxi de pi gnented epoxy
- al um num epoxy nastic

Each coating systemwas applied to a Bl astox® treated panel and a
panel treated with standard abrasive. Each system was all owed
to cure per the manufacturer’s instructions. Once the coating
systens were cured, they were subjected to fresh water inmersion
and salt fog chanber accel erated exposure tests. After 30-,

60-, and 90-day exposure periods, the paint systens were
subjected to visual inspection and adhesion testing. As a
result of that testing the researchers concluded that all paint
systens tested indicated acceptabl e | aboratory performance with
one exception: paint systens with a red iron oxide pignment. The
researchers determ ned that a sweep blast with standard abrasive
was sufficient to renove the offending residue. No other

probl ens were not ed.

DI SCUSSI ON OF LABORATORY RESULTS

On the basis of lab and field results, the researchers concl uded
that Blastox® is appropriate for application on all steel



surfaces to be painted, wth the exception of red iron oxide
pi gnented systens, which require a sweep blast with unnodified
abrasive prior to painting for imrersion service. Subsequent
field application on steel over six winters have reveal ed no
coating failures related to use of the engi neered abrasive.

DISCUSSION OF FIELD DEMONSTRATION

A field denonstration of the technol ogies was held at the Corps
of Engineers Portland District, Dexter Dam Site, Tainter Gate
No. 1, which is located near Dexter, OR  The LBP on the dam
gate was renoved by abrasive blasting with the engi neered
abrasive. An experienced painting contractor perforned all LBP
removal work under USACERL direction

The TDJ Group supplied the abrasive blast nmedia. The abrasive
bl ast mi xtures supplied were preblended at a rate of 20% Bl ast ox®
by weight in the foll ow ng abrasives:

- copper sl ag
- ni ckel slag
- coal slag

- silica sand

The dam gate was divided into eight sections, one for each
experinment. The four abrasive nedia types were used with both a
traditional dry abrasive blast technol ogy and the TORBO wet
abrasive blast nmethod (Figure 1). A sinple containment system
was constructed to collect all waste produced (Figure 2).

A contractor, RCl Environnental, conducted personal and area air
monitoring for | ead. USACERL docunented the operating
paraneters for each technol ogy, including renoval rates, surface
profiles, waste anal yses, and the adhesi on of new paint system

RESULTS OF THE FIELD DEMONSTRATION
TCLP ANALYSI S OF THE WASTE

The Toxicity Characteristic Leaching Procedure was perfornmed on
sanpl es of the waste fromeach of the experinments with the dry
abrasi ve bl ast nethod. Because the abrasive nedia fromthe
denonstration of the TORBO wet abrasive blast system coul d not
be easily segregated, the four abrasive nedia were conbined into
a single waste stream and anal yzed as a single sanple. Two sets



FIGURE 2. VIEWOF THE I NMVENT STRUCTURE AT THE FI ELD SITE



of sanples were taken at the site and anal yzed i ndependently:

one by USACERL and one by the TDJ G oup.

in Table 1. (Note that the |evel of
waste to be classified as hazardous is 5 ppm)

The results are shown
| eachabl e | ead to cause the

The total lead in the blast nedia ranged from 3,387 to 4, 161

parts per nillion (ppm,

| ead in the paint.

indicating a relatively | ow | evel of
The data shows that the engi neered abrasive

controlled the leachability of the lead sufficiently to prevent

the waste from being classified as hazardous.

bot h i ndependent tests were simlar,

in the results.

The results for

i ncreasing the confidence

TABLE 1. TCLP ANALYSI S RESULTS
Sanpl e USACERL Results TDJ Results (ng/L)
(mo/ L)
Coal slag, dry <0. 05* 0.13
Ni ckel slag, dry <0. 05 0. 14
Silica sand, dry <0. 05 0. 26
Copper slag, dry <0. 05 0.15
Conmbi ned wet nedi a NA 0. 14

*Detection limts of the TCLP are 0.05 ng/L

COATI NG | NSPECTI ON AFTER 19 MONTHS | N SERVI CE

USACERL personnel revisited the site to evaluate the coating
performance after 19 nonths of service. Initial observation
revealed a few |l ocalizes spots of rust approximately 4 in. in

di aneter. The rust was caused by broken blisters and there was
dense small blisters in the rusted areas. Once the small anount
of paint on the rusted areas was renoved, it was noted that a
gri nder had been used in these areas prior to painting.

COST AND BENEFI T ANALYSI S

A cost analysis of the use of Blastox® as an additive to bl ast
media to stabilize LBP waste after renoval was conpl eted using
data fromthe field denonstration (Table 2). Cost factors
presented are based on actual contractor costs and are conpared
to actual government estimates. The term “capital facilities”
refers to the capital investnent in this technology (e.g. blast
apparatus). Consumables refers to the blast nedia additives,
tarps, and covers and packaging required for disposal.
Environnmental testing refers to required tests such as air




nmoni toring (both personal and area), XRF testing and TCLP waste
anal yses.

The information in Table 2 shows that the use of Blastox® can
yield an i medi ate and rel evant savings for renoving | ead-based
paint fromsteel structures such as damgates. This is based in
the significant savings in disposal costs of a nonhazardous
waste. The savings are $0.93-3.04/sq.ft. of blast cleaned steel
surface. The use of the TORBO wet abrasive blasting system can
i ncrease savings even further by reducing the | evel of

contai nment required froma 100%to an 85% w nd screen. This
could further reduce the cost per square foot an additional
$1.00 to $1.50.

CONCLUSIONS

The denonstration successfully eval uated the conposition,
performance, and cost effectiveness of using an engi neered

abrasi ve containing Blastox® for rempval of |ead-based paint from
steel structures. The waste was stabilized so that it woul d not
fail the Toxicity Characteristic Leaching Procedure with | ead

| eached at a | evel greater than 5 ppm Therefore, the waste was
classified as nonhazardous and a significant savings was

realized, conpared to the cost of disposal of hazardous waste.



TABLE 2. SAVINGS | N PRESENT VALUE DOLLARS ON STEEL STRUCTURES.

Cost Factors Blast Media Without With Blastox® Additive
Blastox? at $0.25/1b
(20% mixing)

Capital Facilities? $40. 00/ si te hour $40. 00/ si te hour

Labor ? $280. 00/ si t e hour $280. 00/ si t e hour

Consunabl es® $70. 00/ si te hour $102. 00/ si te hour

(cont ai nment) (cont ai nment)
$67.00/site hour (crane $67.00/site hour (crane
rental) rental)

$137.00/site hour $169. 00/ site hour

Envi ronnental Testi ng? $151. 00 $151. 00

Subt ot al $608. 00/ si te hour $640. 00/ si te hour

Renoval Rate® 100 sq ft/hour 100 sq ft/hour

Renoval Cost $6.08/sq ft $6.40/sq ft

Di sposal Cost® $1.40 - $3.60/sq ft $0.15 - $0.24/sq ft

($350- $900/ t on) ($35. 21- $55. 01/t on)

Tot al Cost $7.48 — $9.68/sq ft $6. 55- $6. 64/sq ft

Savi ngs $0.93 — $3.04/sq ft

Not es:

1. Capital rates of recovery are fromactual contractor costs and gover nnent
cost estimate detail sheets. Costs for investnent are anortized over 7
years for depreciation, and assune a 2000- hour site year

2. Labor is quoted from actual contractor costs or derived from governnent
cost estimate sheets.

3. Consumabl es are based on items used up in the job process. Blastox® is

factored into this nunber based on its rate of application and percent

by

wei ght in the blast nmedia. Abrasive blasting of steel required 8 I b of

abrasi ve per square foot cleaned.

4. Envi ronnental testing includes air nmonitoring (both personal and area)
XRF, and TCLP tests.

5. Renoval rate varies depending on the size of equi pment and the height
conplexity of the structure.

6. Di sposal costs for hazardous wastes were supplied by the Marketing

Departnment, Chem cal Waste Managenent, Inc., Oakbrook, IL. Costs for
nonhazardous waste reflect typical costs from1l2 states (Solid Waste
Di gest, October, 1993, Chartwell Informatin Publisher, Inc., Al exandri
VA), and supplenmentary information fromfour additional states. The
hi gher end of the range of disposal costs reflects per unit costs of t
di sposal of small quantities of waste (less than 5 tons). Lower unit
di sposal costs reflect disposal of bulk wastes from |l arger projects.
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